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Summary

26
Given the growing body of evidence on the general decline of kelp beds worldwide, it is 27 crucial to understand the physiological response of kelp gametophyte stages to 28 environmental parameters. We investigated the physiological response of gametophytes 
Introduction
49
Kelps are major structural components of the cold temperate and boreal coastal 50 communities (Lüning, 1990) . They form a highly productive habitat (Mann, 1973 are at the front line of environmental change (Wernberg et al., 2011b) .
56
The persistence of kelp forests mainly depends on the recruitment, growth, competition 
81
The photosynthetic apparatus is one of the main targets of these abiotic stressors Therefore, the ability to withstand stressful conditions and to recover from them is 88 crucial for preventing damage to the photosynthetic apparatus and maintaining 89 sufficient photosynthetic performance. After the onset of stressful conditions, the 90 regulation of energy absorption and utilization is essential (Raven & Geider, 2003) .
91
Photoinhibition is the down-regulation of photosynthesis, whose extent is determined by 92 the balance between the rate of photodamage and the rate of repair of photosystem II
93
(PSII) (Takahashi & Murata, 2008 Nebraska, USA), connected to a data logger (Li 1400, LiCor, Lincoln, Nebraska, USA).
161
The medium was changed once a week. Experiments started approximately after 1 162 month of cultivation when the density was high enough for fluorescence measurements.
163
The density of the gametophytes was 4711 ± 1140 ind m -2 for Roscoff (43 ± 3% cover) prevent oxygen saturation, a quarter of the medium was renewed after each light step.
179
To do so, a silk filtering mesh was used to retain the gametophytes in the media. by the initial value measured at the beginning of the experiment in the dark.
194
The effective quantum yield of PSII (ф PSII ), the efficiency of PSII photochemistry, was value measured under the maximal irradiance is referred to as NPQ 250 .
208
P-I curves, rETR-I
209
The light-saturated maximum rate of GP (P max ), the light-saturated maximum rate of Tulsa, OK, USA).
218
Response to high irradiance
219
To study high light stress, the settled gametophytes in a Petri dish filled with PES at 220 cultivation temperature were exposed to 500 µmol photons m -2 s -1 for 2 h, and then, to 
Results
266
Comparison of the photosynthetic activity between the two sites 267
Gametophytes from the two sites showed differences in their photosynthetic parameters
268
( Fig. 1) significantly different between two sites (t = 2.9, Holm-adjusted P = 0.133 for rETR max ; 276 t = 2.8, Holm-adjusted P = 0.142 for P max(FW) values) ( Fig. 1 A-B (FW) ) which can also result from very low statistical power (respectively 0.09 and 0.19).
287
Considering the light saturation parameter (I k ), no significant differences were found 288 between the two sites but the low statistical powers suggest that there were not enough 289 replication to resolve the differences (t = 1.95, Holm-adjusted P = 0.245 and 1-β = 0.30
290
for Ik (rETR) , t = 1.77, Holm-adjusted P = 0.152 and 1-β = 0.28 for Ik (FW) and t = 1.13,
291
Holm-adjusted P = 0.322 and 1-β = 0.14 for Ik (chla) (Fig. 3 B) . Increasing the temperature resulted in a decrease in α values in Wissant (Fig. 4 A) , and 341 an increase in rETR max and I k values for both sites (respectively Fig. 4 B and 4 C)
342
( Table 3) .
343
NPQ 250 was calculated at the end of each rETR-E curves (Fig. 4 D) 
455
The higher chl a concentrations and fucoxanthin contents in gametophytes from
456
Wissant may suggest a greater light-harvesting efficiency and a higher density of 457 reaction centres (Gerard, 1988) , which generally result in higher photosynthetic rates.
458
Although maximal photosynthetic rates (rETR max and P maxFW ) in Wissant were not 459 significantly different from those in Roscoff, it is believed to result of low statistical 460 power, as indicated by the differences observed in P maxchla . Hence, P maxchla was higher in We found no differences in the temperature response of the two sites with respect to the 482 resistance of PSII quantum efficiency and increasing temperature. We expected that the 
